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S lan truyén tia va séng trong méi trwong quang hoc
4.1. GIOI THIEU

Trudc khi di vao thao luan chi tiét vé budng cong hudng quang hoc, chuong 5,
trong chwong nay ching ta nghién c*u mot vai chu dé vé quang hinh hoc va quang hoc
song ma khong thuong duwoc dé cap trong cac tai liéu quang hoc co ban, ching la céac
kién thiic nén tang rat co ich vé sau nay. Bac biét, cong thirc ma tran cla quang hinh hoc,
trong phép gan dung tia gan truc (the paraxial -ray approximation), va truyén séng, trong
phép gan ding séng gan truc (paraxial-wave approximation), dé khao sat s lan truyén
clia chum Gauss. Thém vao dd, hién twong giao thoa boi, chang han nhu trong cac mang
pha dién mai nhiéu 16p hodc trong giao ké Fabry -Perot, cling sé dwgc xem xét.
4.2. CONG THU'C MA TRAN CUA QUANG HINH HOC

Xét mot tia sang hodc la truyén qua hodc phan xa tir mot yéu t6 quang hoc cé tinh
chét nghich dao hodc khéng phu thudc vao sv phan cwc (vi du, thau kinh hodc guong).
Goi z la truc quang hoc clia yéu t6 ndy (chdng han, dwong thdng di qua cac tam cla
dudng cong cla hai mat cau cla thdu kinh). Gia s rang tia sang dang di chuyén theo
hudng z trong mat phéng chira truc quang hoc . Vecto r tai mét phang dau vao cho trwéc
Z = z; clia yéu t6 quang hoc (Hinh 4.1) duoc dac trung béi hai tham s, ban kinh dich
chuyén ry (z1) so véi truc z va do dich chuyén géc 0,. Tuong tu, vecto tia r, tai mat
phang cho trudc z = z, c6 thé duoc dic trung bdi ban kinh dich chuyén clia né r(z,), va
do dich chuyén goc 6,. Chay rang truc r duoc chon gidng nhau cho ca cac tia dau v ao va
dau ra va duoc dinh huwéng nhu trong hinh 4.1. Quy uéc vé dau cua goc la: géc la dwong
néu vecto r phai quay cung chiéu kim dong hd dé lam cho noé tring véi huéng duwong
cta truc z. Vi thé, vi du trong hinh 4.1 6, 1a dwong, trong khi do6 6, 1a am.

zZ, cptical z,
element

FIG. 4.1, Matrix formulation for the propagation of a ray through a general optical element.

Trong phép gan dung tia gan truc do dich chuyén géc 6 dwoc gia st la di nhd dé
phép gan dung nay c6 hiéu lyc, sind = tand =0 . Trong truong hop nay, cac bién dau ra
(r,,0,) vacéc bién dau vao (r,,0,) quan hé véi nhau qua phép bién doi tuyén tinh. Néu
chdng ta dat 6, = (dr,/dz), =r', va®, = (dr,/dz), =r',, chingtaco thé viét



?’2 :Arl +Br,i (4213)
¥y = Cry + Dr] (4.2.1b)

& day, A, B, C, vaD lacéc hang s6 dic trung cho céc yéu t6 quang hoc d& cho. Do dé c6
thé viét (4.2.1) duwdi dang ma tran nhu sau:
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& day ma tran ABCD hoan toan dac trwng cho yéu t6 quang hoc da cho trong phép gan
dlng tia gan truc.

Nhu la vi du dau tién va don gian nhat, chdng ta xét su truyén cua tia trong khong gian tw
do doc theo chidu da Az=L cia vat liéu co chiét sudt n (hinh 4.2a). Néu cac mét phang
va0 vara nam ngay bén ngoai méi treong, moi truong co chiét suat bang 1, dung dinh
luat Snell trong phép gan ding tia gan truc chdng ta cé:

L f
vy =r + ifl} (4.2.3a)
n
=7 (4.2.3b)
Do d6, ma tran ABCD tuong ¢hng la
1 L/n
0 1 (4.2.4)

Trong vi du ti€p theo ching ta xét mét tia sang truyén qua mot thau kinh c6 ti éu
cv f ( f la dwong doi vai thau kinh hoi tu). Trong thau kinh mong, hién nhi én ching ta cé
(Hinh 4.2b)

?‘2 — ¥ (4253)
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FIG. 4.2, Calcutation of the ABCD matrix for {a) free-space propagation, (b} propagation through a thin lens,
{c) retlection from a spherical mirror.

Hé thic th(r hai c6 thé suy ra tr mot dinh luat da& biét cla quang hinh hoc
U/ p)+ @/ q)= 1/ f), ding c&c cong thirc p=r/r', va q=-r,/r',. Tuong ty, bang
cach dung phuong trinh (4.25a) ching tathu duoc

1
ry = — 7 r+ 7 (4.2.5b)

Theo cac phuong trinh (4.25), trong truvong hgp nay matran ABCD la

1 0
~1/f 1

Trong vi du thit ba, ching ta xét sy phan xa cua tia qua g wong cau ban kinh cong
R (B&i v6i guong 18m R 1a duong). Trong treong hop ndy cac méit phang zi, z, duoc
chon tring nhau va dwoc dat ngay trvéc guwong, va huéng dwong cda truc r dugc chon
gidng nhau cho cac tia t¢i vatiaphan xa (Hinh 4.2c). Hvéng duong cla truc z dugc chon
latlr trai sang phai doi voi vecto toi vatw phai sang trai déi véi vecto phan xa. Dai vai tia
t6i goc la dwong néu vecto r; phai quay cung chiéu kim déng ho dé trang véi hudng z
dwong, trong khi doi véi tia phan xa goc la duong néu vecto r, phai quay nguoc chiéu dé
trung voi huéng duong z, cla truc z; & day trong hinh 4.2c r',1a dwong trong khi r',1a
am. Theo nhiing quy wéc nay, matran tia clia guong cau 16m dd cong R, tiéu cy f = R/2
co thé duoc biéu dién giéng nhu thdu kinh dwong tiéu cy f = R/2. Do do, ma tran tia
bang:

(4.2.6)



L 0
—2/R 1

(4.2.7)

TABLE 4.7. Ray matrices for some common cases

n,=1 Ny=N Ne= = -
/ 1L
Free-space / n
propagation a . O 0 1
Z: Zy - -
r -
1 0
Thin lens . .
LI
f
1 0
Spherical :7\
mirror ~— -2 1
R~ R
Spherical e 1 ]
dielectric < . ;
interface S N f N2 -y 1 My
R S~ na R nz

Bang 4.1 liét ké mot s6 ma tran truyén tia ciia mot sd yéu t6 quang hoc ma ching

ta da biét. Chuy rang dinh thirc clia ma tran ABCD bang 1, nghfa |&:

AD —BC =1

(4.2.8)

mién 1a c&c mat phang dau vao va dau ra ndm trong moi trudng c6 chiét suét gidng nhau.
Qua thuc, diéu nay dung cho 3 trudng hop dau tién dugc xét trong bang 4.1.



M6t khi da biét dwgc ma tran clia cac yéu té quang hoc co ban, nguoi ta co thé
biét dwgc ma tran cla cac yéu td quang hoc phic tap hon béng cach chia nhd né thanh
nhi*tng yéu t6 quang hoc co ban nay Gia st rang, trong mot yéu t6 quang hoc d & cho,
chiing ta c6 thé xét mot mat phang & gitta c6 toa dd z; (Hinh 4.3) voi diéu kién lahai ma
tran ABCD, gitra mat phang z = z; va z = z; va c&c mat phang z=z; va z=z, d& biét. Néu
bay gio ching ta dat r, va r' latoa do cla vecto tia tai mat phang z=z;, di nhién ching ta

cO thé viét:

il _ 4, B ||n (4.2.9)
ri C, Dyllr -
P (4.2.10)
) C2 D2 i -

NEu ching ta thé phuong trinh (4.2.9) cho vecto r; vao vé phai cta phwong trinh (4.2.10),
ching ta thu dugc:

Fal Ay, By |4, B, )
?’5 = C, D,||C, D (4.2.11)
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FIG. 4.3. Ray propagation through three distinct planes when the two matrices between planes z = z. and z — z,
and between z = z, and z = z; are known,

Matran ABCD toan phan cé th{a’ thu dugc bang cach nhan ma tran ABC D clia cac thanh
phan co ban. Tuy nhién, chiy rang, th& tw xuat hién ctia ma tran trong tich ng voc véi thi
tw clia cac yéu t6 quang hoc tuong (rng ma anh sang truyén qua.

Va nhu la mot vi du dau tién va co |1é hoi tam thwdng st dung nhitng két qua co
trudc, chldng ta xét sy lan truyén tr moi trudng co chiét suat n, dé dai L, sang mbi trudng
c6 chiét suét n,khéng gian tv do dé dai L,. Theo phuong trinh (4.24), phwong trinh ma
tran toan phan cé thé duoc viét la

Li/n

1 L,/n
o 1 ||[0 1

&)
2

; (4.2.12)




Duing quy tic nhan ma tran da biét, tich cla hai matran vudng lamatran toan phan:

| (Ll +L2)/n
0 1

Tinh toan nay cho thdy mot két qua hién nhién la sy lan truyén qua cac moi trueong cé do
dai L; vaL, tuong dwong véi sw lan truyén qua mdi truong cé do dai tong cong laL =L,
+ Lo.

(4.2.13)

Mot vi du it tam thuong hon va hitru dung hon lién quan dén su lan truyén qua do
dai L (trong moi trudng chiét suat n=1) r6i duoc phan xa tir gwong cau I16m cé ban kinh
cong R. Theo phuong trinh (4.24), (4.2.7) va4.2.11), matran toan phan ABCD la

A B ] L

1 o1 L
C D‘:t_(Z/R) 1“0 ]‘ —(Z/R) 1—(2L/R) (4.2.14)

Chl y rang dinh thirc clia cac ma tran (4.2.13) va ma tran (4.2.13) la duy nhét, va tinh
chat nay ding cho suw ghép tang cac yéu t6 quang hoc bat ki, bdi vi dinh thirc cla tich cac
matran bang tich clia cac dinh thic clia chang.

Béy gi0, ching ta tap trung vao cau hdi tim cac yéu té ma trantia A', B', C', D'
clia s truyén nguoc qua mot hé théng quang hoc theo cac yéu t6 ma trén cho tr uéc A, B,
C, D cta su truyén t¢i. Nhin vao hinh 4.1, néu chdng ta chon —r» la vecto dau vao, nghia
lanéu chiing ta ddo nguoc huéng truyén clia vecto r thi vecto dau ra phai la—r.

Dai vai su truyén nguoc, chidng ta dung quy wéc vé dau giéng nhu tia sang duoc
phan xa tir gwong cau (hinh 4.2c), cu thé 1& truc z dugc dao nguoc, trong khi truc r van
gilr khong doi, va goc gilra vecto r vatruc z la dvong néu vecto r phai quay nguoc chiéu
kim dong ho dé trang vai truc z. Theo quy wéc nay, cac tia—ri va—r, dwgc mo ta bdi cac
hé toa do (r,,—r',) va (r,,—r',) twong tng. Vi thé ta co:

A B
D
Tu phuong trinh (4.2.15) ching ta c6 thé thu dugc r, va r,' nhu ham theo r, va r,'. Béi
vi dinh thirc clia ma tran A'B'C'D’ ciing bang 1, chling ta co:

ry = D'ry + B'r| (4.2.16a)
ry=C'r +4r (4.2.16b)

Vaso sanh gitta (4.2.16) va(4.2.1) thitathdyring A=D, B'=B, C'=C,va D'= A, vi
thé toan bd ma tran A'B'C'D' |a

4 B D B

o ool=le (4.2.17)

r
!

r
—7)

(4.2.15)




Vi thé phrong trinh (4.2.17) chitng to rdng matran truyén nguoc cé thé suy ra tir ma tran
truy@n t6i chi don gian bang cach hoa vi cac yéu t6 ma tran A vanD.
Céc codng thirc ma tran khéng chi hiru dung cho viéc mo t& dac tinh cla tia khi n6

di qua hé théng quang hoc, mano con cd thé duoc ding dé mo ta su truyén clia séng cau.
Gia slr xét mot song cau xuat phat tir diém P ; clia hinh 4.4 vatruyén theo hwéng z dwong.
Sau khi truyén qua mét yéu t6 ma tran duoc mod ta bdi ma tran ABCD, nédi chung séng
nay dwoc chuyén thanh séng cau méi c6 tam dat tai P,. Bay gi0 xét hai tia lién hop rq va
r clia hai séng, diéu dé c6 nghta layéu to quang hoc chuyén tia tdi ry thanh tia dau rar».
Bén kinh cong R1 va R; clia hai song tai mat phang v&o z; va mét phang ra z, clia yéu t6
quang hoc cd thé duoc viét la
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R, = ,;1_ (4.2.18a)
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FIG. 4.4. Propagation of a spherical wave emitted from point P through a general optical clement described by a
given ABCD matrix.

{a) {b}

FiG. 4.5. Propagation of a spherical wave {a) through free space and (b) through a thin lens.

Chu y rang phrong trinh, trong céc phuong trinh (4.2.18), chlng ta da dung quy wéc vé
dau la: R la dwong néu tam ctia duong cong nam & phia trai mat dau song. Tt ph wvong
trinh (4.2.1) va (4.2.18) chang tathu duoc



_ AR +B
- CR,+D

Phuong trinh (4.2.19) 1a mot két qua rat quan trong, béi vi né thiét 1ap moi quan hé, theo
nhiing s6 hang don gian, ban kinh cong R; ctia s6ng ra v&i ban kinh cong R clia séng
Vao qua céac yéu t6 ma tran ABCD clia thanh phan quang hoc cho truéec.

Nhu 1a mot vi du co ban dung vi du nay, xét s lan truyén trong khong gian tu do
clia song cau gilra nhitng diém c6 toa do z ; va z, trong hinh 4.5a. Tir phuong trinh (4.2.4),
voin=1val =z, - z;, va phuong trinh (4.2.19) chiing tathu dugc R,= Ry + (22 — 1), tét
nhién ndé la mot két qua qua hién nhién. Tiép theo xét sy lan truyén clia séng cau qua mot
thau kinh méng (hinh 4.5b). T cac phuong trinh (4.2.6) va (4.2.19), ching tathu duoc:

11 1
. (4.2.20)
R2 Rl f

N6 twong (ng véi dinh luat quang hinh hoc quen thuoc p*+ gt =f.

Madc du ca hai vi du trong hinh 4.5 la nhitng (*ng dung co ban cta phuong trinh
(4.2.19), st hitu dung clia cac phuong trinh nay cé thé duoc nhan thay khi khao sat cac hé
quang hoc phtc tap hon duoc tao bdi mot chudi cac thau kinh v a khdng gian gitta ching.
Trong truvong hop ndy, matran toan phan ABCD bang tich clia cac matran ctia moi thanh
phan quang hoc vaban kinh cong clia song dau ra co thé tinh theo phuong trinh (4.2.19).

R, (4.2.19)



